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Abstract
Lattice investment projects support process model with corruption
is formulated and analyzed. The model is based on the Ising lattice
model of ferromagnetic but takes deal with the social phenomenon.
Set of corruption agents is considered. It is supposed that agents are
placed in sites of the lattice. Agents take decision about participation
in corruption activity at discrete moments of time. The decision may
lead to profit or to loss. It depends on prehistory of the system. Profit
and its dynamics are defined by stochastic Markov process. Stochastic
nature of the process models influence of external and individual fac-
tors on agents profits. The model is formulated algorithmically and is
studied by means of computer simulation. Numerical results are given
which demonstrate different asymptotic state of a corruption network
for various conditions of simulation.
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1 Introduction
Stochastic methods are widely used in studies of complex systems which op-
erate in complex environment under influence of many unpredictable factors
[36],[40].
Both dynamics and equilibrium states of social-economic systems are
studied by various methods and approaches including models similar to those
which are used to study physical phenomena [50]. Stochastic models and
other kinds of models are also used [34],[19]. The problem of corruption
attracts significant attention of researchers because corruption phenomena
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may have significant social-economic consequences. Various approaches to
the problem are presented in [1–30,40–49].
In the present article the model is proposed to study possible corruption
states of a set of agents. These kind of phenomena is caused by social
relations of agents and state of the economics and/or public administration.
In Section 1 model is formulated. In Section 2 numerical results are given.
2 Model
In the model social relations are presented by links which connect nodes
representing agents of corruption activity. Length of all links is same. We
suppose that both intensity of relations is equal for all agent-to-agent rela-
tions and coordination number which characterizes number of social links of
an agent is fixed. Such conditions correspond to the Cartesian lattice. For
given topology of the lattice the coordination number defines dimensionality
of the lattice. It is supposed also that agents of corruption activity may be
in one of q states.
Social dynamic in the model is supposed to be Markovian. Time is dis-
cretized and divided onto equal intervals. Every discrete moment randomly
or regularly chosen agent takes decision about change of his state.
In simplest case q = 2. Let us suppose that one state corresponds to
the decision to participate in corruption activity and second one to non
participation in this activity. Transition to the first state corresponds to
agent’s profit. Second kind of transition leads to his loss. Every decision
is taken with accounting of agent interactions with other participants of
corruption activity. Effect of boundary is excluded by imposing periodic
boundary conditions.
Topology of two-dimensional model and social relations are presented
on Fig. 1. In the article three-dimensional lattice model is studied so Fig. 1
may be considered as two-dimensional section of the models lattice along
one of its planes.
Let ci — is the state of i-th agent and c = {c1, c2, ..., cM} — is the state
vector of the social system. M — is number of agents. Dynamic of the
system is defined by the function:
W (c) =
M∑
i=1
φi(c),
where functions φi(c) describe interactions between agents. Dynamics is
also defined by the procedure of decision making about change of the state
of i-th agent. Algorithm of modelling of decision making is analogous to
Metropolis algorithm, which is widely used for numerical study of lattice
systems in physics [50].
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Figure 1: Topology of two-dimensional model and social relations between
agents of corruption activity.
As an example following definition of the function φ may be given:
φi(c) = −J
∑
j={S,W,E,N,U,D}
cicj ,
where {S,W,E,N,U,D}— are nearest neighbours of the i-th agent (six for
the Cartesian three-dimensional lattice), J — is constant, which is one of
the model’s parameters and describes intensity of social interactions between
agents. In more complicated models set J = {J11, J12, ..., JMM}may be used
as well as other definition of the function φ:
φi(c) = −
∑
j={S,W,E,N,U,D}
Jijcicj .
This case corresponds to the spin glass model. Various kinds of lattices may
be also used. Here β — is the model’s parameter. Its inverse value β = 1T
characterizes social-economic activity. Less values of T correspond to more
stagnation of the social-economic activity.
In according to the Metropolis algorithm initial state of the system may
be chosen randomly then at every step an agent (k) is taken randomly and
his state is replaced by the trial one:
ck ← (ck)trial.
Replacement of the previous state by the trial one leads to the change of
the value of the function W :
∆W (c) = W (ctrial)−W (c)
. If ∆W (c) < 0, then trial state must be taken as the next state of the
Markov chain. If ∆W (c) > 0, then pseudorandom number ξ is generated
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which belongs to the interval [0, 1] and if exp (−β∆W ) ≥ ξ, then trial state
is taken as the next state of the Markov chain otherwise the state is not
changed.
From the point of view of social dynamics this algorithm may be inter-
preted as follows. At discrete time moment some agent feels temptation to
take part in corruption activity. He tries to estimate possible profit and
risks of this decision. Decision is based both on external factors and own
life experience which in part is defined by random facts. Metropolis accept
and rejection rule is one of possible models of social dynamics. Its reliability
should be verified by the statistical data.
Despite of the initial state of the system stochastic evolution governed by
Metropolis algorithm converges to the unique final distribution. Modelling
of stochastic dynamics of a system let us estimate influence of characteris-
tics of social interactions and state of economic or public administration on
transition processes and setting of the stationary state of corruption activity.
Total profit of agents from taking part in corruption activity may be
defined as follows:
U =
∑
j:cj>0
cj ,
It characterizes loss of economic due to corruption activity. Average size
of clusters of similar values of state variables are characteristics of scale of
corruption.
3 Numerical results
Numerical simulations have been performed for the simple model of cor-
ruption activity on cartesian three-dimensional lattice with size 60x60x60
and two possible local states with periodic boundary conditions. Number
of Markov steps was taken to be 109. This value guarantees for the lattice
of a given size that transition to the final stationary distribution is nearly
completed. Examples of configurations for low and high economic activity
cases are given on Fig. 2 and Fig. 3) respectively. Figures demonstrate two-
dimensional sections of the three-dimensional lattice. It may be seen that
in the case of low social activity dense clusters of various sizes are appeared
and corruption has tendency to be widespread.
A cluster is defined as the set of connected agents which made decision
to take part in the corruption activity. As a rule it doesn’t contains agents
of other kind.
High social-economic activity leads to subdivision of clusters into smaller
parts interleaving with groups of agents who don’t participate in the corrup-
tion activity. Moreover second case show faster dynamics with appearing
and disappearing of small clusters.
4
Figure 2: Examples of configurations for the lattice model and the case of
low activity (T = 0.5)
Figure 3: Examples of configurations for the lattice model and the case of
high activity (a) T= 4.0; (b) T = 5.0
4 Conclusion
In the article simple investment projects support process model with corrup-
tion is proposed. It is formulated as three-dimensional lattice model with
nearest neighbours interactions and periodic boundary conditions. Due to
this model agents of corruption activity take decisions about participation
in corruption activity at discrete moments of time. Qualitative results of
simulation seems to be reasonable but should be verified by empirical data.
The study was performed using computational resources provided by
the Resource Physics Educational Centre of the Research park of Saint-
Petersburg State University.
5 Acknowledgements
The work is partly supported by work RFBR No. 18-01-00796.
5
References
[1] Malafeev O. A., Zubova A. F. Mathematical and computer mod-
eling of socio-economic systems at the level of multi-agent interaction
(Introduction to the problems of equilibrium, stability and reliability).
SPb.:Publishing SPbSU, 2006. P. 1006.
[2] Malafeev O. A., Sosnina V. V. Management model process of
cooperative three-agent interaction. Problems of mechanics and control:
nonlinear dynamical systems, 2007. №39, p. 131-144.
[3] Grigorieva K. V., Malafeev O. A. The dynamic process of cooperative
interaction in the multi-criteria (multi-agent) postman task. The Bulletin
of Civil Engineers, 2011. №1, p. 150-156.
[4] Malafeev O. A. Managed conflict systems. Saint-Petersburg, 2000.
P. 280.
[5] Malafeev O. A., Kolokoltsov V. N. Understanding game theory.
New Jersey, 2010. P. 286.
[6] Malafeev O. A., Zenovich O. S., Sevek V. K. Multi-agent
interaction in the dynamic problem of managing construction projects.
Economic Revival of Russia, 2012. № 1, p. 124-131.
[7] Drozdova I. V., Malafeev O. A., Parshina L. G. Efficiency of
options for the reconstruction of urban housing. Economic Revival of
Russia, 2008. № 3, p. 63-67.
[8] Malafeev O. A., Pachar O. V.Dynamic, non-stationary task of
investing projects in a competitive environment. Problems of mechanics
and control: Nonlinear dynamical systems, 2009. № 41, p. 103-108.
[9] Gordeev D. A., Malafeev O. A., Titova N. D. Probabilistic
and deterministic model of the influence factors on the activities of the
organization to innovate. Economic Revival of Russia, 2011. № 1, p. 73-
82.
[10] Grigorieva K. V., Ivanov A. S., Malafeev O. A. Static coalition
model of investment of innovative projects. Economic Revival of Russia,
2011. № 4, p. 90-98.
[11] Malafeev O. A., Chernych K. S. Mathematical modeling of the
company’s development. Economic Revival of Russia, 2004.№, p. 60-66.
[12] Gordeev D. A., Malafeev O. A., Titova N. D. Stochastic model of
decision-making about bringing to market an innovative product. Herald
of civil engineers, 2011. № 2, p. 161-166.
6
[13] Kolokoltsov V. N., Malafeev O. A. Mathematical modeling of
systems of competition and cooperation (game theory for all), textbook.
Saint-Petersburg, 2012. P. 624.
[14] Gricai K. N., Malafeev O. A. The problem of competitive man-
agement in the model of multi-agent interaction of the auction type.
Problems of mechanics and control: nonlinear dynamical systems, 2007.
№39, p. 36-45.
[15] Akulenkova I. V., Drozdov G. D., Malafeev O. A. Prob-
lems of reconstruction of housing and communal services of a megacity,
monograph. Ministry of Education and Science of the Russian Federa-
tion, Federal Agency for Education, St. Petersburg State University of
Service and Economics, Saint-Petersburg, 2007. P. 187.
[16] Parfenov A. P., Malafeev O. A. Equilibrium and compromise con-
trol in network models of multi-agent interaction. Problems of mechanics
and control: nonlinear dynamical systems, 2007. №39, p. 154-167.
[17] Malafeev O. A., Troeva M. S. A weak solution of Hamilton-Jacobi
equation for a differential two-person zero-sum game. In the collection:
Preprints of the Eight International Symposium on Differential Games
and Applications, 1998. P. 366-369.
[18] Drozdova I. V., Malafeev O. A., Drozdov G. D. Model-
ing the processes of reconcreting the housing and communal services
of a metropolis in a competitive environment, monograph. The Federal
Agency for Education, St. Petersburg State University of Architecture
and Civil Engineering, Saint-Petersburg, 2008. P. 147.
[19] Malafeev O. A., Boitsov D. S., Redinskikh N. D. Compromise and
balance in models of multi-agent management in the corrupt network of
society. A young scientist, 2014. № 10 (69), p. 14-17.
[20] Malafeev O. A., Gritsai K. N., Competitive management in
auction models. Problems of mechanics and control: nonlinear dynamical
systems, 2004. № 36, p. 74-82.
[21] Ershova T. A., Malafeev O. A. Conflict management in the model
of entering the market. Problems of mechanics and control: nonlinear
dynamical systems, 2004. № 36, p. 19-27.
[22] Grigorieva K. V., Malafeev O. A. Methods for solving the dynamic
multicriteria mailman problem. Herald of civil engineers, 2011. № 4,
p. 156-161.
[23] Malafeev O. A., Troeva M. S. Stability and some numerical
methods in conflict-control systems. Yakutsk, 1999. P. 102.
7
[24] Shkrabak V. S., Malafeev O. A., Skrobach A. V., Skrobach V.
F. Mathematical modeling of processes in agro-industrial production.
Saint-Petersburg, 2000. P. 336.
[25] Malafeev O. A. On the existence of a critical value of a dynamic game.
Bulletin of St. Petersburg University. Series 1. Mathematics. Mechanics.
Astronomy. Saint-Petersburg, 1972. № 4, p. 41-46.
[26] Malafeev O. A., Muraviev A. I. Mathematical models of conflict
situations and their resolution. Volume 1. General theory and all sorts
of information, Saint-Petersburg, 2000. P. 283.
[27] Malafeev O. A., Drozdov G. D. Modeling processes in the system
of urban construction management. Volume 1, Saint-Petersburg, 2001.
P. 401.
[28] Malafeev O. A., Koroleva O. A. The model of corruption in
contracting. Proceedings Edited by Smirnov N. V., Tamasyan G.
Sh. In the collection: Management processes and persistence. Proceed-
ings of the XXXIX International Scientific Conference of Post-Graduate
Students and Students, 2008. P. 446-449.
[29] Malafeev O. A., Muraviev A. I. Modeling of conflict situations in
socio-economic systems. Saint-Petersburg, 1998. P. 317.
[30] Drozdov G. D., Malafeev O. A. Modeling of multi-agent interaction
of insurance processes. Monograph. Ministry of Education and Science
of the Russian Federation, St. Petersburg State University of Service and
Economics, Saint-Petersburg, 2010.
[31] Zubova A. F., Malafeev O. A. The Lyapunov stability and oscil-
lation in economic models. Saint-Petersburg, 2001. P. 101.
[32] Bure V. M., Malafeev O. A. Agreed strategy in the repeated
final games of N persons. Bulletin of St. Petersburg University. Series
1. Mathematics. Mechanics. Astronomy. Saint-Petersburg, 1995. № 1,
p. 41-46.
[33] Malafeev O. A. On the existence of the meaning of the pursuit game.
Siberian Journal of Operation Research, 1970. № 5, p. 25-36.
[34] Malafeev O. A., Redinskikh N. D., Alferov G. V. Electric
circuits analogies in economics modeling: corruption networks. Proceed-
ings Edited by: Egorov N. V., Ovsyannikov D. A., Veremey E.
I. In proceeding: 2nd International Conference on Emission Electronics
(ICEE) Selected papers, 2014. P. 28-32.
8
[35] Malafeev O. A. Conflict-driven processes with many participants.
The dissertation author’s abstract on competition of a scientific degree
of physical and mathematical sciencesh, Leningrad, 1987.
[36] Malafeev O. A., Neverova E. G., Nemnyugin S. A., Alferov
G. V. Proceedings Edited by: Egorov N. V., Ovsyannikov D. A.,
Veremey E. I. Multicriteria model of laser radiation control. In pro-
ceedings: 2nd International Conference on Emission Electronics (ICEE)
Selected papers, 2014. P. 33-37.
[37] Kolokoltsov V. N., Malafeev O. A. Dynamic competitive systems of
multi-agent interaction and their asymptotic behavior (Part II). Herald
of civil engineers, 2011. № 1, p. 134-145.
[38] Malafeev O. A. Stability of solutions to multicriteria optimization
problems and conflict-controlled dynamic processes. Saint-Petersburg,
1990.
[39] Malafeev O. A., Redinskikh N. D., Alferov G. V., Smirnova
T. E. Corruption in the models of the first price auction. In the col-
lection: Management in marine and aerospace systems (UMAS-2014)
7th Russian multiconference on problems of management: Conference
materials. GNC RF OAO “Concern” CNII “Electrical Appliance”, 2014.
P. 141-146.
[40] Malafeev O. A., Nemnyugin S. A., Alferov G. V. Charged
perticles beam focusing with uncontrollable changing parameters. Pro-
ceedings Edited by: Egorov N. V., Ovsyannikov D. A., Veremey E.
I. In proceedings: 2nd International Conference on Emission Electronics
(ICEE) Selected papers, 2014. P. 25-27.
[41] Malafeev O. A., Redinskikh N. D., Smirnova T. E. Network
model of investing projects with corruption. Management processes and
sustainability, 2015. V. 2, № 1, p. 659-664.
[42] Pichugin Yu. A., Malafeev O. A. On assessing the risk of bankruptcy
of a firm. In the book: Dynamic Systems: Steadiness, Management,
Optimization, Theses of reports, 2015. P. 204-206.
[43] Alferov G. V., Malafeev O. A., Maltseva A. S. Game-Theoretic
model of inspection by anti-corruption group. In proceeding: AIP Con-
ference Proceedings, 2015. P. 450009.
[44] Malafeev O. A., Redinskikh N. D., Gerchiu A. L. Opti-
mization model for the location of corrupt officials in the network. In
the book: the construction and operation of energy-efficient buildings
9
(theory and practice taking into account the corruption factor) (Pas-
sivehouse) Kolchedantsev L. M., Legalov I. N., Badin G. M.,
Malafeev O. A., Aleksandrov E. E., Gerchiu A. L., Vasilev U.
G., collective monograph. Borovichi, 2015. P. 128-140.
[45] Malafeev O. A., Redinskikh N. D., Gerchiu A. L. Project
investment model with possible corruption. In the book: the construction
and operation of energy-efficient buildings (theory and practice taking
into account the corruption factor) (Passivehouse) Kolchedantsev L.
M., Legalov I. N., Badin G. M., Malafeev O. A., Aleksandrov E.
E., Gerchiu A. L., Vasilev U. G., collective monograph. Borovichi,
2015. P. 140-146.
[46] Malafeev O. A., Chernych K. S. Mathematical modeling of the
company’s development. Economic Revival of Russia, 2005. № 2, p. 23.
[47] Malafeev O. A., Muraviev A. I. Mathematical models of conflict sit-
uations and their resolution. Saint-Petersburg, 2001. Vol. 2, Mathemat-
ical foundations of modeling the processes of competition and conflicts
in socio-economic systems, p. 294.
[48] Kefeli I. F., Malafeev O. A. Mathematical Principles of Global
Geopolitics. Saint-Petersburg, 2013. P. 204.
[49] Malafeev O. A., Redinskikh N. D., Parfenov A. P., Smirnova
T. E. Corruption in the models of the first price auction. In the col-
lection: Institutes and the mechanism of innovative development: world
experience and Russian practice, 2014. P. 250-253. Collection of scien-
tific articles of the 4th International Scientific and Practical Conference.
Managing editor: Gorochov A. A.
[50] K.Binder, D.Heermann, Monte Carlo Simulation in Statistical Physics:
An Introduction. Springer Science & Business Media, 2010. pp.202.
10
